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THE FIRST CONFERENCE OF USERS OF
THE MAGIC AND SAM-C PROGRAMS

1. INTRODUCTION AND PURPOSE

This report presents the proceedings of the first large-scale
conference of the users of the MAGIC and SAM-C computer programs. The
conference convened at 0915 on August 6, 1969, in Building 328 at
Aberdeen Proving Ground, Maryland. Early in the afternoon of the 7th
the conferees divided themselves into two groups: those interested in
the MAGIC code and those interested in the SAM-C. The conference closed
shortly after noon on Friday the 8th.

The following sections contain abridged versions of the an-
nouncement letter and of the opening address.

1.1 Copy of Conference Announcement (Abridged).

"AMXRD-AWF

"SUBJECT: Conference for Users of the MAGIC/SAM-C Computer Programs

"1. References:

a. The MAGIC SAM-C Target Analysis Technique, AMSAA Technical
Reports 4, 10, 11, 13, and 14.

b. A Geometric Description Technique Suitable for Computer
Analysis of Both the Nuclear and Conventional Vulnerability of Armored
Military Vehicles, MIAGI-6701 (AD 847576).

c. UNC-SAM-2: A FORTRAN Monte Carlo Program Treating Time-
Dependent Neutron and Photon Transport Through Matter, UNC-5157
(AD 647470).

"2. The SAM-C Monte Carlo radiation transport program and the MAGIC
conventional projectile ray-tracing program were developed by MAGI
(Mathematical Applications Group, Inc) under Contract No. DAADOS-67-C-
0041 for this agency (ref. a). MAGIC is the computer code that assem-
bles data along selected rays through a target by employing the MAGI
originated Combinatorial Geometry technique (ref. b) which utilizes
combinations of certain basic solids such as boxes, wedges, etc., to

7



describe the target. SI-C is the UNC-SAM-2 Monte Carlo nuclear radia-
tion transport code (ref. c) with the original geometry routines re-
placed by those of the Combinatorial Geometry technique. These programs
have been disseminated to a number of interested government agencies
for their use and will be made available to others upon request.

"3. Recent activity with MAGIC has resulted in several advances includ-
ing the addition of new "library" solids, additional input checking, and
faster input processing. These advances are clearly applicable to SAM-C
as well and are thus of general interest to both groups. On the other
hand, recent activity with SAM-C indicates that the flux-at-a-point
routine is incorrectly coded, versions for different computing systems
have non-trivial differences in logic/organization, and the computa-tional procedure for carrying out a complete set of calculations is

unacceptably complicated.

"4. As a result of the many questions, comments, and suggestions from
the personnel involved in using SAM-C/MAGIC, it is clear that everyone
involved can benefit from an informal discussion of problem areas and
a concerted attack on areas of mutual interest. It is the purpose of
this letter to announce an informal, unclassified conference to define
and solve problems in the MAGIC and SAM-C computer codes developed under
the auspices of this agency.

"S. It is envisioned that the conference will begin on 6 August 1969 at
0900 hours in the Conference Room of ARDC Building 328 under the chair-
manship of Mr. R. A. Marking of AMSAA. At this writing it is envisioned
that 2 days will be required with a third day allotted only to provide
a buffer period.

"6. The first day will be devoted to introductory, informal discussions
of individual problems, solutions, and changes to the various codes plus
presentations (on iMAGIC by Mr. Larry Bain, Methodology Office, AMSAA,
and on SAM-C by Dr. Wayne Coleman, Nuclear Physics Branch, NEL) of
information gathered too late for inclusion into the reports of reference
a. The item, "Introduction of Participants," is envisioned as an oppor-
cunity for each participant to identify which program(s) his agency is
using, what problems have been encountered, any solutions that have been
created, and what specific problem areas he would like to see addressed
during the conference period. About 20 minutes will be allotted for
each individual.

"7. The second day is planned for the creation of ad hoc working groups
to achieve solutions of the problems defined on the first day. An addi-
tional day is scheduled to allow an orderly conclusion of the working
group projects and the conference as a whole if necessary; the form and
content of a conference report will be decided on the last day.

8



"8. Two items have been of special interest to all those contacted thus
far: (1) the establishment of FORTRAN source decks for MAGIC and SAI-C
that are not subject to the vagaries of day-to-day changes and are avail-
able to be copied by new user agencies or in the event that serious prob-
lems develop with an existing source deck; and (2) the creation of

"benchmark" test problems that will provide valid tests of all features/
options operational using the "archival" or "library" source deck. It
is expected that these two items can be introduced in the afternoon of
the first day of the conference.

"9. Participation in the conference is encouraged to promote the utility
of the SAN-C and MAGIC programs. Representation from your organization

is invited. The distribution list is not considered exhaustive and in-
terested personnel within government may be invited to attend by con-
tacting Mr. Marking. Participants are encouraged to bring listings of
the current working versions of their program(s).

"10. It is intended that the meeting will result in documented improve-
ments in the SAM-C and MAGIC source programs and/or implementation pro-
cedures. This documentation is expected to be in the form of a letter

or technical note and copies will be sent to all participants.

"I1. The desirability of scheduling similar meetings at regular inter-
vals will be discussed as a means of maintaining lines of communications
between MAGIC-SAM-C users."

12. (Administrative)

13. (Administrative)

FOR THE DIRECTOR:

/s/ Morgan G. Smith
MORGAN G. SMITH
Chief, Ground Warfare Division

I Incl
as
(CF)

1'9



PROPOSED CONFERENCE AGENDA

DAY 1

"Introduction and Purpose

Introduction of Participants

Recent AMSAA Activity with MAGIC

Recent NEL Activity with SAM-C

Definition of MAGIC and S'M\-C Capabilities and

Creation of Approp-iate Source Decks

Creation of Benchmark Problems

DAY 2

Conclusion of the Creation of Archival Source

Decks and Benchmark Problems

Formation of Sub-groups to Solve the Problems
Defined on Day 1

Discussion and Drafting of Documentation

Consideration of Future Meetings

DAY 3 (If Necessary)

Conclusion of Unfinished Businessi

Incl I to ltr
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1.2 Opening Address,

"Welcome to the 1st Conference of Users of the MAGIC and SAM-C
Programs.

"As stated in the Lonferii,,e letter-announcement, this is to
be an informal, unclassified conference of the users of the khGIC and/or
SAM-C computer programs (as well as any of the peripheral programs that
might be of mutual interest).

"The purpose of this conference is three-fold:

0 to find out where we stand with respect to the actual
operation of both SAI-C and MAGIC

- who is ubing what

- on what machines are the codes operating

- what changes of substance (e.g., packing into 36-bit v.
48-bit words) have been made

- what kinds of problem areas are being considered (e.g.,
deep penetration as opposed to close-in transport prob-
lems, penetrator fragmentation, x-ray or thermal neutron
problems, etc.)

- what sort of functional and/or theoretical problems are
being encountered in operating these codes (e.g., func-
tional identifiers of "0", incorrect evaluation of the
uncollided flux, improper coding of SAI-C for inelastic
scattering, etc.)

* to define what SAIM-C and MAGIC should be capable of

- there are a number of versions of SAIM-C several of which
are different enough to require separate operating
manuals

- changes have significantly increased the speed of MAGIC
thus making here-to-fore impractical applications worth
considering

- should SAM-C be modified along the lines of UNC-SAIM-3

(ENDF/B cross-sections and a non-common energy mesh)

- should IAGIC calculate vulnerable areas

- should the geometry processing routines (e.g., GENI,
RPPIN, ALBERT, etc.) be called MAGIC and the "driving"
or controlling routines such as VOLU.I and GRID be
handled as separate "packages"

- should MAGIC employ packing and what effect would its
absence have on SAI-C

11



0 to create benchmark problems

- compatibility of geometric input between MAGIC and SMIt-C

- should they be mathematical tests of all the options or
: tests of physical acceptability of some combination of
~~both ...."

2. INTRODUCTION OF PARTICIPANTS

At the beginning of the Conference the individual participants
indicated (1) which program they were using, (2) on which computers was
it routinely used (or intended to be used), (3) what were the nature
and complexity of the problems treated, (4) what program innovations
had been made, and (5) what problems or errors had been encountered.
Additionally, it was requested that participants indicate specific
program problems to discuss during tihe Conference.

To accomplish these introductions in an orderly manner, a
form covering all of the obvious points of interest was used. Since
some of the agencies were represented by more than one person, represent-
atives from the same group using the same program caucused to present a
unified picture of their work and problems.

The participants' introductions follow the list of agencies;
they are in alphabetical order.

List of Agencies Represented

Aeronautical Systems Division
(Wright- Patterson)

Air Force Armament Laboratory
(Eglin)

Air Force Weapons Laboratory
(Kirtland)

Ground Warfare Division (ANISAA)
(Aberdeen)

Methodology Office (AMSAA)
(Aberdeen)

Naval Weapons Laboratory*
(Dahlgren)

Nuclear Effects Laboratory (BRL)*

(Edgewood)

No Participant Introduction Form available.
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List of Agencies Represented (Cont'd)

SMUPA- D16 *
(Picatinny)

SMIUPA-SS
(Picatinny)

SMUPA-TW3
(Picatinny)

SMUPA-VC1
(Picatinny)

RSIC (OR1NIL)
(Oak Ridge)

SignatUre & Propagation Laboratory**
(Aberdeen)

Terminal Ballistics Laboratory (BRL)
(Aberdeen)

Vulnerability Laboratory (BRL)
(Aberdeen)

No Participant Introduction Form available.

Observer only, no Participant Introduction Form included.
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PARTICIPANT INTRODUCTION FORM

[ Agency: USAF, ASD (ASBRS), WPAFB, Ohio 45433

Name(s) of Representative(s): Gerald Bennett (ASBRS)
Roy lii lbrand (ASVCP)

Program Used: MAGIC

Purpose: To provide target descriptions for use in aircraft vulnera-
bility analyses.

Computer(s) Used: Name IBM Direct Coupled 7044/7094 Word Size 36 bits

Memory Size: Total 32768 Available Unk

Tape Drives: No. 16 No. of Channels 4 1401-Compatible? Yes

Program Requirements: Storage 28K Packed Word Size 35 bits

Tape Drives 2 Links? Yes, 1

Dependence on Assembly Language None

Planned Program Usage: To generate target description for aircraft
vulnerable area computation.

Planned Program Changes: Addition of plotting, presented area, and
volume subroutines; modifications as required to generate and store
data for efficient processing in vulnerable area computation program;
further simplifications, as possible, to input descriptive data.

Program Innovations: The use of any body as a target volume subdivision
(i.e., as an RPP); the streamlining of MAGIC by stripping out about 16
of the subroutines and recoding of others; restructuring of the Master-
Aster array (M-A) deleting some items from the M-A array; recoding and
repacking for 36 bit words, viz., 35 bits and one sign bit; changed
grid cell generation; changed printout; allowing the attack plane to
be outside of fhe enclosing volume; and disposal of random number
generator requirement.

Program Problems/Errors: Core storage (too large); complexity in
preparation of data. (Various program errors have been corrected and
the corrected listings have been forwarded to AMSAA.)

Program Changes of Immediate Interest: Addition of an airfoil shape to
the solid library; a more extensive ARB of perhaps 10 to 12 sides;
introduction of "canned" standard aircraft component descriptions
(e.g., a pilot).

14
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PARTICIPANT INTRODUCTION FORM\

Agency: Air Force Armament Laboratory

Name(s) of Representative(s): Sue Gibson

Program Used: MAGIC

Purpose: To be used with a vulnerable area program to produce vulner-
able area program to produce vulnerable areas of foreign targets.

Computer(s) Used: Name CDC 6600 Word Size 60 bits

Memory Size: Total 100,000 Available 32,000

Tape Drives: No. 16 No. of Clannels Unk 1401-Compatible? No

Program Requirements: Storage 32,000 Packed Word Size 36 bits

Tape Drives 7 Links? Yes, 4

Dependence on Assembly Language None

Planned Program Usage: Describe foreign air and ground targets in terms
of line of sight data.

Planned Program Changes: Complete conversion from IBM 7094 to CDC 6600.
Omit TESTG and other unnecessary subroutines to allow room for addition
of new figure subroutines.

Program Innovations: Point Burst subroutine has been added and is being
checked.

Program Problems/Errors: Lack of storage due to amount of storage
allowed to each user, not to the total amount of storage in the CDC
6600.

Program Changes of Immediate Interest: Addition of new figures and
reduction of amount of storage required.

Fi
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PARTICIPANT INTRODUCTION FORM

Agency: AFWL, Kirtland AFB, New Mexico 87117

Name(s) of Representative(s): Michael J. Paul - AFWL (1LRAS)
A. Kris Widdison - AFWL (WLCP-Nl)

Program Used: SAM-C

Purpose: Both deep-penetration (in air) and close-in transport
(concrete) problems, primarily neutrons, but including prompt and
secondary gammas.

Computer(s) Used: Name CDC 6600 Word Size 60 bits

Memory Si:e: Total 300K (w/o extended core) Available IM8
(w/extended core) .325K8 (w/o extended core)

Tape Drives: No. 10 No. of Channels 9 1401-Compatible? Unk

Pro ram Requirements: Storage generally 120K Packed Word Size 45 or

Tape Drives 1-3 Links? None 60 bits

Dependence on Assembly Language some, but easily
changed

Planned Program Usage: Hard-rock silo configurations and state-of-art
neutron and gamma transport problems.

Planned Program Changes: Complete revision of input to be more tuder-
standable and logical and easier to punch. Combined time-energy-angular
dependent source input (allowing input of flux from a preliminary dis-
crete ordinates code).

Program Innovations: Free-form reading routine (eliminates need for
formatting input). Cut down flux printing by 50% by eliminating ex-
traneous lines A AE). Eliminate need to change NXS = .... and
NDQ.... cards (e.., add a parameter, say ENDM, to end of master array
(CO,\DION DUM (250), MASTER (30000), ENDM), then NDQ = LOCF (ENDl) -

LOCF (Master)).

Program Problems/Errors: None.

Program Changes of Immediate Interest: ENDF/B cross sections, inelastic
scattering improvements; graphic geometry display; better geometry
checking.

16



PARTICIPANT INTRODUCTION FORM

Agency: AMSAA, Ground Warfare Division (GWD); Methodology Office (MO)
Aberdeen Proving Ground, Maryland 21005

Name(s) of Representative(s): L. Bain (MO)

R. Lake (GWD)
J. Brewer (GWD)

Program Used: MAGIC

Purpose: Conventional vulnerability by 4" cells and/or areas for
combat vehicles and aircraft.

Computer(s) Used: Name BRLESC I & II Word Size 68 bits

Memory Size: Total 96K Available 48K

Tape Drives: No. 8 No. of Channels 4 1401-Compatible? Yes

Program Requirements: Storage 48 Packed Word Size 30

Tape Drives 4 Links? No

Dependence on Assembly Language Yes but easily
avoided

Planned Program Usage: Conventional vulnerability of combat vehicles and
aircraft (both rotary and fixed wing types).

Planned Program Changes:

1) Thirty bit packing for triplets and scalars.

2) Shielded areas.

Program Innovations: Rewrite program flow to minimize presence of

unnecessary steps, extraneous comments, and blank cards.

Program Problems/Errors: None.

Program Changes of Immediate Interest: No genuinely pressing problems.
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PARTICIPANT INTRODUCTION FORM

Agency: Picatinny Arsenal, Dover, N. J.

Name(s) or Representative(s): Robert Kesselman - VC-1

John Saarmann - VC-1
Robert Barnas - SS
John Burgio - TW3

Program Used: SAM-C NEL Version

Purpose: To obtain running version on IBM 360 for radiation transport
and shielding calculations.

Computer(s) Used: Name IBM 360 Word Size 32/64 bits

Memozy Size: Total Unk Available 200K

Tape Drives: No. 8 No. of Channels 9 1401-Compatible? Yes

Program Requirements: Storage 200K Packed Word Size 64 bits

Tape Drives 3 Links? Unk

Dependence on Assembly Language one subroutine

Planned Program Usage: Transport and Shielding

Planned Program Changes: In January 1970 Picatinny Arsenal will start
using CDC 6500; therefore, the debugging effort on the conversion has
been suspended.

Program Innovations: (See comment above.)

Program Problems/Errors: (See comment above.)

Program Changes of Immediate Interest: (See comment above.)

18
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PARTICIPANT INTRODUCTION FORM

(Observer)

Agency: Radiation Shielding Information Center
Oak Ridge National Laboratory
P. O. Box X
Oak Ridge, Tennessee 37830

Name(s) of Representative(s): Robert W. Roussin

Program Used: SAM-C '

Purpose: For distribution to anyone who' wants the pr/ogram. (RSIC
operations are sponsored by the AEC, DASA, and NASA.)
We have the CDC 6600 version for distribution (but no 6600 at ORNL).

Cornuter(s) Used: Name Word Size " J ,

Memory Size: Available

Tape Drives: No. of Channels 1401-Compatible?'

Program Requirements: Storage Packed Word. Size
KTape Drives Links?

D2pendence on Assembly "Language

Planned Program Usage:

Planned Program Changes:

Program Innovations We are Interested in:

1) IBM 360 version.

2) Version with ENDF/B cross sections.

Program Problems/Errors:

Program Changes of Immediate Interest:

19
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PARTICIPANT INTRODUCTION FORM

Agency: BRL, Vulnerability Laboratory, Aberdeen Proving Ground, Md. 21005

Name(s) of Representative(s): M1. J. Reisinger

Program Used: MLAGIC

Purpose: Currently being used to debug target descriptions for
Electronics Command, Army Tank Automotive Command, Missile Command,
Munitions Command, Weapons Command, Nuclear Effects Laboratory, Test
& Evaluation Command and Falcon Research & Development.

Computer(s) Used: Name BRLESC Word Size 68 bits

Memory Size: Total 120K Available 80K

Tape Drives: No. 3 No. of Channels 7/9 1401-Compatible? Yes

Program Requirements: Storage 48 Packed Word Size 30

Tape Drives 4 Links? No

Dependence on Assembly Language Depends on version

Planned Program Usage:

1) "Graphic Program" being developed from NASA program by L. Bain
and M. J. Reisinger.

2) Recognition of heat projectile improper detonation from target
description.

3) Point burst program with emphasis on components.

Planned Program Changes: Generalized Ellipsoid (i.e., not restricted
to ellipsoids of revolution). Elimination of enter-leave table philos-
ophy in favor of a more direct approach which- is intended to reduce
tracking time.

Program Innovations: Graphics Package.

Program Problems/Errors: A more detailed description of targets than
done in the past (example, M6OAI with approximately 2500 bodi.es) is
rapidly approaching our computer system time and size limit: e 1300
body description is using 64K, will 2500 bodies use less than the
available 80K? Computer time on our system forces partial runs for
graphics (need about four hours, large memory). Summation: need better
computer.

20



Program Changes of Immediate Interest:

1) Development of support subroutines such as generalized compo-
nents (wheels, ammunition, engine, etc.) that require location,
orientation, and relative size that lead to computer generated
bodies (solids).

2) Development of programs that would construct the optimized
solid for a body from an input consisting of point data read
directly from engineering drawings.

21



3. RECENT ACTIVITY WITII MAGIC AND SAM-C

The three sections that follow consist of the material pre-
sented verbally at the conference plus one or two minor additions or
modifications.

3.1 Recent Activity with MAGIC at AMSAA. (Presentation by
Larry Bain)

The recent activity with MAGIC at AMSAA falls into one of two
categories: program changes or proposed plans. Each category is dis-
cussed separately.

3.1.1 Changes to MAGIC. This category is divided into three
subtopics:

* Additions.

e Modifications.

* Corrections.

a) Additions. Of primary interest, three new solids have been
added:

e TEC (Truncated Elliptic Cone).

i) Height vector does not need to be perpendicular to the
base ellipse.

ii) Specify (Table 3.1)

- V - vertex of base ellipse,

- H - height vector,,

- M - semimajor axis of base ellipse,

- m - semiminor axis of base ellipse, and

- R - ratio (base ellipse/top ellipse),

viz., R = (Rl/R3) = (R2/R4).

(The normal height vector is computed in GENI; n = M x m; it
is necessary to change the sign of n if H.n < 0.)

22
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* TOR (Torus)

Specify (Table 3.1)

- V - vertex,

- n - normal vector (normal to the plane bisecting the torus),

- R1 - radius from V to the mid-point of the torus' cross
section, and

- R2 - cross sectional radius (R1 > R2).

V

e
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9 ARS (Arbitrary Surface)

i) Specify M curves of N points (see Table 3.1).

ii) The number of words of memory is 92 + M*N*4.

iii) An ARS can be described in more than one way.

A2, E2 A3, E3

A] \,B2 A4

BI B4
CI CC4

D2 D3

Example (using the figure above).

One Approach (Solid Lines) Another Approach (Dashed Lines)

M=5 N=4 M=4 N=5

curve 1 pt Al, A2, A3, A4 curve 1 pt Al, B1, Cl, DI, El

curve 2 pt Bl, B2, B3, B4 curve 2 pt A2, B2, C2, D2, E2

curve 3 pt Cl, C2, C3, C4 curve 3 pt A3, B3, C3, D3, E3

curve 4 pt DI, D2, D3, D4 curve 4 pt A4, B4, C4, D4, E4

curve 5 pt El, E2, E3, E4

Figure closed by duplicate curve Figure closed by duplicate points

Note: pt Al = Bl = C1 = D1 = El pt A2 = E2

pt A4 = B4 = C4 = D4 = E4 pt A3 = E3

The addition of these new solids has required the addition of
auxiliary subroutines:

* QRTIC to solve 4th degree equation.

* CUBIC to aid QRTIC.

25


